Chitin and chitosan were extracted from mycelial biomass of Cunninghamella elegans and the performance for copper, lead and iron biosorption in aqueous solution was evaluated. The growth curve of C. elegans was accomplished by determination of biomass, pH, glucose and nitrogen consumption. Chitin and chitosan were extracted by alkali-acid treatment and the yields were 23.8 and 7.8%, respectively. For the adsorption analysis, the process of heavy uptake metal sorption was evaluated using polysaccharides solutions (1% w/v). The rate of metallic biosorption was dependent upon the concentration and pH of metal solutions, and the best results were observed with pH 4.0. Chitosan showed the highest affinity for copper and chitin for iron adsorption. The results suggest that C. elegans (IFM 46109) is an attractive source of production of chitin and chitosan, with a great potential of heavy metals bioremediation in polluted environments.
INTRODUCTION
Heavy metals waste has increased rapidly since the industrial revolution. Toxic metal species are mobilized from industrial activities and fossil fuel consumption and eventually are accumulated through the food chain, leading to both ecological and health problems. Procedures for the removal of toxic metal species from contaminated environments have been developed and most of them are based on ion-exchange technologies and/ or precipitation of the cation in an inert form. Unfortunately, these methods are expensive and require the use of contaminating products for desorption of metals for cleaning up of the inorganic matrix (6, 7, 8) .
Recent researches in the field of heavy metals removal from wastewaters and sediments have focused on the development of materials with increased affinity, capacity and selectivity for target metals (9, 16) . The use of microbial cells as biosorbents for heavy metals offers a potentially inexpensive alternative compared to conventional methods of heavy metal decontamination from a variety of industrial aqueous process streams (7, 10, 11) .
The recent interests on the metal uptake by microorganisms have improved new technologies for metal removal or recovery of wastewater. Many micro fungi contain chitin and chitosan as an integral part of their cell wall structure, and the binding of toxic products and heavy metal ions by these polysaccharides is a direct consequence of the base strength of the amine group (3, 6, 15) .
Chitin and its deacetylated derivative, chitosan, have unique properties, which make them useful for a variety of applications. The traditional source of chitin is shellfish waste from shrimp, Antarctic Krill, crab and lobster processing (12, 17) . However, the industrial isolation of this polymer is reduced by the problems of seasonal and limited supply in some countries and environmental pollution while collecting large amounts of shell waste (18, 20) .
In this work, we report the microbial production of chitin and chitosan extracted from mycelia of Cunninghamella elegans (IFM 46109) and the application for recovery heavy metals in aqueous solutions.
MATERIALS AND METHODS

Microbiological Methods
Growth profile: the spores of C. elegans were harvested from cultures grown for seven days at 28ºC on Petri dishes containing PDA medium. A suspension was prepared and adjusted to 10 7 spores/mL, using an haemocytometer for counting. Fifty mL of synthetic medium for Mucorales (1) (60 g glucose; 3 g asparagine; 0.08 mg chloridrate of thiamine; 0.50 g potassium phosphate and 0.25 g magnesium sulphate per liter of distilled water, pH 5.1) was distributed in Erlenmeyer flasks (250 mL) and incubated at 28ºC in an orbital shaker at 150 rpm during 96 hours. At every 12 hours, aliquots were collected for biomass, pH, glucose and total nitrogen determinations. The mycelia were harvested and washed twice in destilled and deionoized water by filtration utilizing a silkscreen nylon membrane (120 F). For biomass production determination, the cell suspension was submitted to liophylization and mantained in a vacuum dissecator until constant weight.
Analytical Methods
Glucose, nitrogen and pH determinations: The glucose consumption was determined by the enzymatic colorimetric method (Labtest ® Kit -Glucose oxidase). A standard curve was elaborated by using a glucose solution (0.5 to 10.0 g/L). Colorimetric method Labtest ® Kit for protein was utilized for the nitrogen consumption determination, using a spectrophotometer Spectronic Genesys 2. Changes in pH were measured by potenciometry. All assays were performed two times.
Extraction of chitin and chitosan : the process of extraction involved deproteinization with 2% w/v sodium hydroxide solution (30:1 v/w, 90ºC, 2 h), separation of alkali-insoluble fraction (AIF) by centrifugation (4000 rpm, 15 min.), extraction of chitosan from AIF under reflux (10% v/v acetic acid 40:1 v/w, 60ºC, 6 h), separation of crude chitin by centrifugation (4000 xg, 15 min.) and precipitation of chitosan from the extract at pH 9.0, adjusted with a 4 M NaOH solution. Crude chitin and chitosan were washed on a coarse sintered-glass funnel with distilled water, ethanol and acetone and air-dried at 20ºC (20) .
Chitin and chitosan characterization: The polysaccharides resulting from the mycelia of C. elegans as well as the commercial polysaccharides Sigma ® utilized as standard were characterized by FT-IR Spectra spectral analyses (Kbr discs; Bruker 66 Spectrometer). The degree of deacetylation (D.D.) for microbial chitosan was determined using titration method accordind to Toei and Kohara (24) . 0.5 g of chitosan was dissolved in 99.5 g 5% formic acid (v/v).1g of biomaterial/formic acid solution was mixed with distilled water (30 mL). After adding 2 to 3 drops of 0.1% toluidine blue (indicator), the solution was titrated with n/ 400 PVSK (potassium polyvinilsulphate) calibrated with cetylpyridinium chloride monohydrate. The D.D. was calculated as follows: D.D.= [X/161/(x/161+Y/203)] x 100 (X = 1/400 x 1/ 1000 x ƒ x 161 x V; where: Y = 0.5 x 1/100 -X; V = titred volume (mL) of n/400 PVSK and ƒ = factor of n/400 PSVK solution (24) .
Metal Uptake Determination: solutions of iron (Fe +2 ), lead (Pb +2 )and copper (Cu +2 ) at 1, 2, 3 and 4 mM of concentration were prepared, and the pH (3, 4 and 5) was adjusted using 1 N sodium hydroxide or 10% acetic acid. The polysaccharides chitin or chitosan (1% w/v) were added into the flasks and submitted to orbital shaker at 200 rpm at 25ºC for 18 h. The polysaccharides were removed by filtration through a 0.45 mm Millipore membrane filter, and the metal concentrations in filtrates were determined using an atomic absorption spectrophotometer. All experiments were performed three times. The data were used to calculate the number of moles of metal ion adsorbed per gram of biomaterials. The metal recovery was calculated according to the equation: q = C i -C f / m, where: q = metal uptake; C i = initial concentration; C f = final concentration and m = polysaccharide concentration (25) .
RESULTS
The growth profile of C. elegans during 96 h showed a well defined adaptation phase until eight hours of incubation. Biomass production increased rapidly up to 48 h. The culture reached 11.0 g of dried mycelia per litter of medium at 96 hours. The pH of the media dropped gradually during fungal growth. For the period of the fungal growth, the protein contents in the metabolic liquid decreased steadily to almost imperceptible quantities, while the glucose consumption was not total by the end of cultivation (Fig. 1) .
The chitin and chitosan yields in the lyophilized mycelia after 96 h of cultivation were 23.8% and 7.8%, respectively. The deacetylation degree for chitosan isolated from C. elegans was 72.3. The profiles of infrared spectrum of the polysaccharides extracted from the cells were almost similar to those present in commercial chitin and chitosan (Sigma ® ), utilized as standards. Chitosan showed the most significant peaks at 1284, 1386 and 1513 cm -1 , which correspond to the amide bonds. For chitin the most significant parts of the spectra showed the amide bonds at approximately 1158, 1378 and 1558 cm -1 (Fig. 2) . The metal recovery of Fe 2+ , Pb 2+ and Cu 2+ in aqueous solution by chitin and chitosan produced from C. elegans was investigated. The metal concentration in aqueous solutions (varing from 1 to 4 mM) and the influence of the pH (3, 4 and 5) were also investigated in order to determine the effect of these parameters on the removal of metal ions by polysaccharides. Table 1 shows the average of results obtained from three replicates. Uptake data for each metal ion agreed with the final metal concentration in the aqueous solution. Control experiments without the biopolymers were carried out for each metal ion and the filter membrane was analyzed to demonstrate that it did not absorb them. Metallic removal was extremely dependent on pH, metal utilized and concentration of solutions. For almost all metals the best results were observed at pH 4.0. The metal recovery values for chitin and chitosan, as well as the influence of the metal concentration and pH, are show in Table 1 . Chitosan was the polysaccharide with best capacity for copper biosorption (75%). Chitin presented the maximum iron uptake (56%), both at pH 4 and up to 2.0 mM heavy metal concentration.
DISCUSSION
The mycelia yield of C. elegans in the used medium, was good when compared to other microorganisms's biomass production. The maximum production was 11.6 g per liter, superior to the biomass of Mucor rouxii described by Synowieck and Al-Khateeb (20) (27) . Glucose and protein consumption showed a classical performance of 96 hours of fungi growth.
Chitin and chitosan are found in all Zygomycetes (2, 12) . Biopolymer production from C. elegans is generally equivalent to or higher than that from other microorganisms or from other traditional sources, like mollusk and crustacean carapaces (1,4) . The chitin and chitosan production from C. elegans was similar to those described by others authors: Elorza et al. (5) isolated chitin from Candida albicans and obtained 21.6%. Synowiecki and Al-Katteb (20) proposed Mucor rouxii as a promising chitin and chitosan source, but reached a maximum yield of 8.9% for chitin and 7.3% for chitosan. Our results were better than those described by Chattaway et al. (3) and Sullivan et al. (19) , who isolated chitin from C. albicans obtaining 10.0% and 2.7%, respectivelly. Knorr (11) obtained 9% of chitin in the mycelia fraction from M. rouxii. The infra-red spectra of chitin and chitosan from C. elegans were similar to those reported in the literature (21, 22) and also to the infra red spectra of these polysaccharides produced from shellfish by Sigma ® , which were used as standards. The degree of deacetylation (D.D.) influenced the physical and chemical properties of chitosan, as well as its biological activity. The D.D. value for chitosan (72.3%) corresponded to the acetyl groups content of 9 -22% determined in other microbial chitosans (21) .
Microorganisms generally accumulate metals on the cell wall and in periplasmic space. Passive metal ion adsorption by the cell wall is frequently denoted as biosorption and does not depend on cellular metabolic activity. The predominance of negatively charged free groups in several biopolymers that form the cell wall confers an anionic character on the cell surface, resulting in passive attraction of various metal cations (7, 23) . Thus the binding of metal ions to cell surface is assumed to be due to electrostatic interaction, leading, in some cases, to formation of complexes between metal cations and different functional binding groups found in carbohydrates, lipids, protein and others biopolymers of microbial cell envelop (6, 7) .
The pH of the metal solutions affects the biosorption because it determines the availability of the metal in a soluble form for adsorption, and dictates the overall surface charge of the adsorbent (23) . Ours results show clearly that the maximum adsorption of almost all metal ions studied occurred at pH 4, showing that the removal process was highly dependent on the pH of the metal solutions, which affects the surface charge of the biosorbents and the degree of ionization (6, 24) .
The metal adsorption by chitin and chitosan in aqueous solution was directly influenced by the metal concentration. Metal removal increased with the increase of metal concentration up to 2 mM and then fell or remained constant. Galli et al. (6) and Ozer et al. (13) obtained similar results, and this phenomenon was described as "saturation type reaction rate".
The best results found for chitin were for iron recovery (56%) and for chitosan, cooper recovery (75%). These results are similar to those reported by Wales and Sagar (26) , who obtained values of 18 to 76% for cooper recovery by mycelia of Zygomycetes. Tobin et al. (23) , using Rhyzopus arrhizus biomass, obtained 54% of recovery for uranium. Parker et al., (14) evaluating cadmium and cooper sorption by Microcystis aeruginosa, showed values between 22 and 61% of metal recovery. Strandberg et al. (18) proposed dry mycelia of Saccharomyces cerevisae and Pseudomonas aeruginosa for Pb 2+ recov7ery and showed results of about 30% and 50%, respectively. These results are lower than those obtained for chitin and chitosan extracted from C. elegans (IFM 46109), suggesting that this microorganism has a biotechnological potential as source for polysaccharides production and metal bioremediation of contaminated water. 
RESUMO
Remoção de metais pesados por quitina e quitosana isoladas de Cunninghamella elegans (IFM 46109)
Quitina e quitosana foram extraídas a partir da massa micelial de Cunninghamella elegans (IFM 46109) e avaliou-se a aplicação destes polissacarídeos na remoção dos metais pesados cobre, chumbo e ferro preparados em solução aquosa. O crescimento de C. elegans foi acompanhado através da determinação de biomassa, pH, consumo de glicose e de nitrogênio. A extração de quitina e quitosana realizou-se através de tratamento álcali-ácido e a produção dos polissacarídeos foi de 23,8 e 7,8 %, respectivamente. A avaliação do processo de remoção dos metais pesados foi realizada utilizando-se os polissacarídeos em solução a 1% (p/v). Os níveis de biossorção de metais foram dependentes da concentração e do pH das soluções. Os melhores resultados foram obtidos em pH 4,0. A quitosana mostrou maior índice de biossorção para o íon cobre e a quitina para o ferro. Os resultados sugerem que C.elegans pode ser considerada uma fonte atrativa para a produção alternativa de quitina e quitosana, e que demonstra grande potencial de biossorção de metais pesados em ambientes poluídos.
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